Searches for new biomarkers of stable coronary artery disease (SCAD) and myocardial infarction (MI) are critical for therapeutic efficacy of the diseases. In this study we tested our hypothesis that distinct patterns of autofluorescence (AF) of skin and fingernails may become novel diagnostic biomarkers for MI and SCAD.
Introduction
Cardiovascular diseases remain the leading cause of mortality globally with an estimated 30% of adults living with the diseases. It is projected that more than 23.3 million people around the world will die annually from cardiovascular diseases including acute myocardial infarction (AMI) and stroke by 2030 (10) . Stable coronary artery disease (SCAD) refers to patients with known obstructive or nonobstructive coronary artery disease whose symptoms are stable on medical therapy.
Clinical risk factors and risk scores are frequently used to predict cardiovascular events in SCAD patients, which often lack sensitivity and specificity (8) .
Acute coronary syndrome (ACS) describes the myocardial ischemic states including unstable angina (UA), ST-elevated myocardial infarction (STEMI) and non-ST elevated myocardial infarction (NSTEMI). The diagnosis and classification
of ACS is based on clinical assessment, electrocardiogram (ECG) findings and biochemical markers of myocardial necrosis including increased levels of cardiac troponins (16, 18) . The term of 'myocardial infarction' (MI) is used when there is myocardial necrosis in the setting of acute myocardial ischemia. The presence of persistent ECG findings of ST segment elevation is used to differentiate STEMI from NSTEMI (15) . MI may cause heart failure, an irregular heartbeat, cardiogenic shock, or cardiac arrest. Approximately 15.9 million MI occurred in 2015 globally (21) .
More than 3 million people had an STEMI, while more than 4 million people had an NSTEMI. The death rate for an STEMI patients in the developed world is approximately 10% (17) .
Due to the severity and high incidence of MI and SCAD, it is necessary to search for the novel approaches that can diagnose MI and SCAD non-invasively, efficiently and economically. Early diagnosis of AMI is of great clinical significance:
Delayed confirmation of the diagnosis of an AMI may increase the AMI-associated complications (19)，while a delay in ruling out the diagnosis can lead to overcrowding in the emergency department (16) . An ideal approach should enable patients to diagnose MI and SCAD at home, which can not only greatly decrease the burden on hospitals, but also greatly enhance the probability of early diagnosis of the diseases.
However, so far the only potential approach that may be used for home-based diagnosis of MI is ECG, if ECG can be supported by big data and artificial intelligence (AI) technology. However, ECG is often insufficient to diagnose AMI, since ST-segment deviation may be observed in other pathological conditions such as left ventricular hypertrophy, acute pericarditis and left bundle-branch block (16) .
Human autofluorescence (AF) has been used for non-invasive diagnosis of diabetes, which is based on detection of the AF of advanced glycation end-products (AGEs) of the collagen in dermis (11, 14) . It is of significance to further investigate the potential of AF as biomarkers for diseases, due to the non-invasiveness and simplicity of AF detection. Our recent study has suggested that UV-induced epidermal green AF, which is generated from UV-induced keratin 1 proteolysis in the spinous cells of epidermis, is the first non-invasive biomarker for predicting UV-induced skin damage (7) . We have further found that the oxidative stress induced by UVC causes the increased epidermal AF by inducing keratin 1 proteolysis (12) . Since there are significant increases in oxidative stress in the plasma, serum or urine of SCAD patients (1, 2, 5, 6, 20) and MI patients (3, 4, 9, 13, 20) , it is warranted to determine if there are increases in the epidermal AF of SCAD and MI patients, which may become novel diagnostic biomarkers for the diseases.
In this study, we tested our hypothesis that SCAD and MI patients may have increased AF in their fingernails and certain regions of their skin. Our study has provided first evidence that SCAD and MI patients have distinct patterns of green AF in their fingernails and certain regions of the skin, suggesting that the distinct AF patterns may become new diagnostic biomarkers for SCAD and MI.
Methods

Human subjects
The study was conducted according to protocols approved by the Ethics Committee of Shanghai Fifth People's Hospital Affiliated to Fudan University, and by the Ethics Committee of Shanghai Chest Hospital Affiliated to Shanghai Jiao Tong University. The human subjects in our study were divided into four groups. 
Autofluorescence determination
For all of the human subjects, the AF intensity in the following seven regions on both hands, i.e., fourteen regions in total, was determined, including the index fingernails, Ventroforefingers, dorsal index fingers, Centremetacarpus, Dorsal Centremetacarpus Ventriantebrachium, and Dorsal Antebrachium. A portable AF imaging equipment was used to detect the AF of the these fourteen regions of the human subjects. The excitation wavelength is 485 nm, and the emission wavelength is 500 -550 nm.
Statistical analyses
All data are presented as mean + SEM. Data were assessed by one-way ANOVA, followed by Student -Newman -Keuls post hoc test, except where noted.
P values less than 0.05 were considered statistically significant.
Results
We determined the green AF intensity of the Centremetacarpus of the Healthy and Low-Risk group, the SCAD group, the MI group, and the AIS group. All of these patient groups have higher AF intensity in this region than the Healthy and Low-Risk group, except that the SCAD group and the Healthy and Low-Risk group have the same AF intensity at the left Centremetacarpus (Fig. 1A) . We further determined the AF asymmetry at the Centremetacarpus of the Healthy and Low-Risk group, the SCAD group, the MI group, and the AIS group. Both the MI group and AIS group have significantly higher AF asymmetry than the Healthy and Low-Risk group in the Centremetacarpus (Fig. 1B) . In the Ventroforefingers, all of the patient groups have higher AF intensity than the Healthy and Low-Risk group, except that the SCAD group and the Healthy and Low-Risk group have the same AF intensity in the region ( Fig. 2A) . Moreover, all of the patient groups have significantly higher AF asymmetry than the Healthy and Low-Risk group in the Ventroforefingers (Fig. 2B ).
In the Dorsal Index Fingers, all of the patient groups have higher AF intensity than the Healthy and Low-Risk group, except that the SCAD group and the Healthy and Low-Risk group have the same AF intensity in the region (Fig. 3A) . Both the SCAD group and the AIS group have significantly higher AF asymmetry than the Healthy and Low-Risk group in the Dorsal Index Fingers (Fig. 3B) . Only in the right Dorsal Centremetacarpus, all of the patient groups have significantly higher AF intensity than the Healthy and Low-Risk group (Fig. 4A) . Both the SCAD group and the AIS group have significantly higher AF asymmetry than the Healthy and Low-Risk group in Dorsal Centremetacarpus (Fig. 4B ).
In the Index Fingernails, all of the patient groups have significantly higher AF intensity than the Healthy and Low-Risk group, except that the MI group and the Healthy and Low-Risk group have the same AF intensity in the region (Fig. 5A) . All of the patient groups have significantly higher AF asymmetry than the Healthy and Low-Risk group in the Index Fingernails (Fig. 5B) . In Dorsal Antebrachium, all of the patient groups have higher AF intensity than the Healthy and Low-Risk group, except that the MI group and the Healthy and Low-Risk group have the same AF intensity in the region (Fig. 6A ). Both the MI group and the AIS group have significantly higher AF asymmetry than the Healthy and Low-Risk group in Dorsal Antebrachium (Fig. 6B) . In the Ventriantebrachium, only the MI group and the AIS group have significantly higher AF intensity than the Healthy and Low-Risk group (Fig. 7A) , while only the AIS group have significantly higher AF asymmetry than the Healthy and Low-Risk group (Fig. 7B) .
In six out of the fourteen regions examined, the AF intensity of the SCAD patients is not significantly different from that of the Healthy and Low-Risk group (Table 1) , while in three out of the fourteen regions examined, the AF intensity of the MI patients is not significantly different from that of the Healthy and Low-Risk persons (Table 1) . In contrast, only in one out of the fourteen regions examined, the AF intensity of the AIS patients is not significantly different from that of the Healthy and Low-Risk persons (Table 1) .
In three out of the seven positions examined in the left and right side of the body, neither the AF asymmetry of the SCAD group nor the AF asymmetry of the MI group is significantly different from that of the Healthy and Low-Risk group (Table 2) .
In contrast, in all of the seven positions examined in the left and right side of the body, the AF asymmetry of the AIS group is significantly different from that of the Healthy and Low-Risk group (Table 2 ).
Discussion
Our current study has indicated that the MI patients and the SCAD patients Compared with the current diagnostic approaches for MI, our AF-based approach has unique merits: It is non-invasive and economic, and it could be conducted at homes with the applications of big data technology and AI technology.
It is expected that the specificity and sensitivity of this diagnostic approach would be further increased, with future increases in the regions examined as well as applications of AI and big data technology. Future studies are needed to further investigate the characteristic merits of our AF-based diagnostic approach compared with current diagnostic approaches for MI.
The oxidative stress induced by UVC has been shown to mediate the increase in the epidermal green AF of mouse ears by inducing keratin 1 proteolysis (7).
Because there are significant increases in oxidative stress in the plasma, serum or urine of SCAD patients (1, 2, 5, 6, 20) and MI patients (3, 4, 9, 13, 20) , we propose that the increased oxidative stress may induce increases in the epidermal AF of the SCAD and the MI patients by inducing keratin 1 proteolysis. It is warranted to further test the validity of this proposal.
Our current study has found that the percentage of the regions with increased AF intensity of the MI patients is markedly higher than the SCAD patients. This finding is consistent with our proposal that the oxidative stress mediates the AF increases, since MI patients have significantly higher levels of oxidative stress in their blood than SCAD patients (20) . It has also been suggested that plasma concentrations of myeloperoxidase may be used to predict mortality after MI (13) . Since the AF increases may result from the oxidative stress in the plasma of MI patients, we propose that our AF-based diagnosis might also be used to predict mortality after MI.
Future studies are warranted to determine the validity of this proposal. The number of subjects in the Healthy and Low-Risk group, the SCAD group, the MI group and the AIS group is 43, 20, 8, and 46-47, respectively. *, p < 0.05; **, p < 0.01; #, p < 0.05 (Student t-test); ##, p < 0.01 (Student t-test). Tables:   Table 1 . In six out of the fourteen regions examined, the AF intensity of SCAD patients is not significantly different from that of the Healthy and Low-Risk group, while in three out of the fourteen regions examined, the AF intensity of AMI patients is not significantly different from that of the Healthy and Low-Risk group. In contrast, only in one out of the fourteen regions examined, the AF intensity of acute ischemic stroke patients is not significantly different from that of the Healthy and Low-Risk group. The number of subjects in the Healthy and Low-Risk group, the SCAD group, the MI group and the AIS group is 43, 20, 8, and 46-47, respectively. The number of subjects in the Healthy and Low-Risk group, the SCAD group, the MI group and the AIS group is 43, 20, 8, and 46-47, respectively.
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